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Relationships of illness representation, diabetes knowledge, and self-care behaviour to glycemic control in incarcerated persons with diabetes Lowering or maintaining the A1C level, a measure of glycemic control, ⩽ 7 percent has been shown to decrease diabetes-related micro-and macrovascular complications (The Diabetes Control and Complications Trial Research Group, 1993; United Kingdom Prospective Diabetes Study Group, 1998) . A number of factors are suspected to be associated with better glycemic control in community dwelling persons with diabetes including: having better knowledge about diabetes (Bains and Egede, 2011; Berikai et al., 2007; Hartz et al., 2006) , regular performance of self-care (Gao et al., 2013; Murata et al., 2009; St John et al., 2010) , self-efficacy (Day et al., 1996) , favorable illness representations (IRs) or one's perceptions about diabetes (Hagger and Orbell, 2003; McSharry et al., 2011) and greater adherence to medication (Lawrence et al., 2006; Rhee et al., 2005) . Other factors found to adversely affect glycemic control include low health literacy (Schillinger et al., 2002; Tang et al., 2008) and depression (Lustman et al., 2000) .
To improve diabetes care and health outcomes, researchers are integrating the aforementioned findings into comprehensive clinical trials and interventions for community dwelling adults with diabetes. A great deal of evidence already supports a variety of interventions for improving diabetes outcomes in the community (American Diabetes Association (ADA), 2015). Notably, none of this evidence has been translated to the correctional setting.
"The American Diabetes Association (ADA)/National Commission on Correctional Health Care, Joint Working Group on Diabetes Guidelines for Correctional Institutions" immediately before (Lorber et al., 2013) modified community-based guidelines for use in US correctional settings. The effectiveness of these guidelines and diabetes care for the most part is largely understudied (Reagan and Shelton, 2016) . Essentially, we have little research from which to build evidencebased diabetes care in the prison.
Preliminary work from a quality improvement initiative involving a prison adapted group medical appointment (GMA) conducted by a Department of Corrections (DOC) (Gallagher et al., 2011) in Northeastern USA suggested that some participants had negative health beliefs or illness perceptions and limited diabetes knowledge even after participating in the program for over a year (Reagan, 2011) In addition to feedback from participants in the prison adapted GMA, the belief that cognitive, emotional, cultural and behavioral (addiction) components are widely present among incarcerated persons or perhaps distinctively different from those persons with diabetes living in the general population provided background information for the development of this study. The purpose of this exploratory study was to examine the relationships of diabetes self-care behavior (SCB), IR and knowledge to A1C in incarcerated persons with diabetes.
For this study, the common sense model of illness (CSMI) provided a framework to explore and describe the beliefs and perceptions of diabetes and their relationship to A1C in ethnically diverse persons living with diabetes in prison. The CSMI has been used with increasing frequency to describe and explore the process of self-regulation of health and illness for community dwelling persons with diabetes and other chronic illnesses (Gherman et al., 2011; Leventhal et al., 2008; McSharry et al., 2011) . Additionally, the conceptual model for this study was derived from empirical knowledge of the realized benefits of SCB on A1C (American Association of Diabetes Educators, 2014; Beverly et al., 2013) .
Method
Design A cross-sectional design was used to examine factors related to A1C among incarcerated persons with diabetes. Surveys with participants were conducted to collect data on diabetes self-care behavior, IR and knowledge.
Sample and recruitment
Participants were recruited from five medium-to high-security state prisons, one of which housed females only, in the Northeastern USA. Persons housed in these prisons had received and were completing an assigned sentence. All persons with type 1 diabetes (T1D) or type 2 diabetes (T2D) of any gender, race or ethnicity who were incarcerated were eligible to participate if they were able to speak and understand English; were age 18 or older; were living in non-restricted or nonsegregated housing; and had the capacity to agree to voluntarily participate and provide written consent. Exclusion criteria included patients who did not have an A1C result in the facilities electronic database. Potential participants were screened and if they satisfied inclusion/exclusion criteria, were invited to participate in this study.
Recruitment flyers, available in English and Spanish at a fifth-grade reading level, were posted in outpatient medical units and non-restricted or non-segregated housing units and available at the location where insulin was administered at each of the participating facilities.
Additionally, the researcher was available at predetermined times to provide additional information. Persons interested in participating in the study wrote on a medical request slip his or her name and the words "Diabetes Study," and placed the medical request slip in the medical appointment box. Requests from potential participants were given to the researcher and a meeting between the potential participant and researcher was scheduled. Once the person agreed to participate and was consented, the researcher administered surveys to the participant.
After a thorough search of the literature and consultation with a statistician, it was determined that there was not similar prior research from which to estimate an effect size. Alternatively, a power analysis was performed with the power analysis and sample size software program (NCSS, LLC Kaysville, Utah) using correlation coefficients from earlier research with the brief illness perception questionnaire (BIPQ) and chronic illness including diabetes (Broadbent et al., 2006) . That research showed correlation coefficients of 0.28-0.44. A sample of 123 participants would be necessary to detect Pearson correlations with magnitude of 0.25 or greater, a power of 0.80 and α of 0.05 (two tailed).
Measures
Independent variables. The instruments measuring SCB, IR and diabetes knowledge were selected because they were developed for community dwelling populations with characteristics or behaviors comparable to those of many incarcerated persons. Few instruments have been tested for use in prison with incarcerated persons. An expert in correctional health care determined that the selected instruments had face validity for use with the proposed study population.
SCB. The self-care inventory-revised (SCI-R), a 15-item five-point Likert scale, provides an estimate of the degree to which the participants think that they follow or adhere to diabetes treatment recommendations (LaGreca, 2004; Weinger et al., 2005) . Higher scores indicate a greater level of self-care. Weinger et al. (2005) reported that three of the items, including checking ketones when glucose is high, wearing a medic alert bracelet, and adjusting insulin based on food, exercise and glucose values are not scored if the person completing the instrument has T2D. An additional item, treat low blood glucose with just the recommended amount of carbohydrate, is also not analyzed if the participant has not experienced any episodes of low blood glucose. SCI-R is a one-factor scale with high internal consistency (α ¼ 0.87). For this study, the three items (skills) usually scored for persons with T1D and the item not scored if the person had no episodes of low blood glucose were not to maintain consistency across participants but mainly because the skills were not applicable or prohibited for the incarcerated population. The resulting scale included 11 items reflecting SCBs performed within the prison in some capacity. The SCI-R summary score was computed by averaging the mean item scores.
IR. The BIPQ (Broadbent et al., 2006) , built upon the tenets of the CSMI and the much longer original 80 item illness perception questionnaire (IPQ) (Weinman et al., 1996) and the revised IPQ-R (Moss- Morris et al., 2002) , measures nine domains of IR including personal control over illness, identity, emotional response (component of emotional representation), consequences, timeline, coherence/understanding, treatment control, concern (component of emotional representation) and cause (perceived etiology of illness). Eight items are measured on a Likert scale from 0 to 10. Higher item scores reflect a more threatening view of illness with the exception of the items related to personal control over illness, coherence/understanding and treatment control in which higher scores contribute to a more favorable illness perception. Item 9 a write-in reflecting the participant's causal etiology of diabetes, e.g. genetic, lifestyle, was not analyzed for the current study. The BIPQ which is much shorter than the more extensive IPQ (Weinman et al., 1996; Moss-Morris et al., 2002) , was selected to reduce participant burden.
Although the BIPQ items are more commonly analyzed as nine separate domains (items), the data associated with the BIPQ can be interpreted as a single item summary or score. To compute the BIPQ summary score, items related to personal control over illness, coherence/understanding, and treatment control are reversed scored and added to the scores of the other five remaining items. The BIPQ summary score corresponds to a person's view about his or her diabetes. Higher BIPQ summary scores indicate a more threatening view of diabetes (Broadbent et al., 2006 ). Cronbach's α for the BIPQ summary score has been reported at 0.58-0.70 (Bean et al., 2007) . The BIPQ has good concurrent, predictive and discriminate validity (Broadbent et al., 2006) . Diabetes knowledge. SKILLD scale (Rothman et al., 2005 ) is a ten-item scale that measures diabetes knowledge. Each item is scored as correct (0) or incorrect (1). Total scores range from 0 to 100 percent with higher scores indicating greater diabetes knowledge. Coefficients of internal reliability for the SKILLD have been reported at 0.72 (Kuder Richardson coefficient of reliability) (Rothman et al., 2005) and 0.54 (Cronbach's α) (Jeppesen et al., 2012) . Both Rothman et al.'s (2005) and Jeppesen et al.'s (2012) studies supported construct validity and moderate criterion validity with the SKILLD. Additionally, as was done for the current study, individual items can be analyzed as the percentage of participants' who responded correctly.
Covariates. It includes self-report data on gender, age, race/ethnicity, marital status, education (high school (HS) diploma or certificate of HS equivalency (GED)), health literacy, length of incarceration, past history of substance or alcohol abuse, number of medications excluding use of insulin therapy, the number of comorbid medical conditions including diabetes, type of diabetes (T1D, T2D or participant not able to differentiate), age at diagnosis, duration of illness and use of insulin (yes/no; not specific to type of insulin or number of injections per day).
The covariate identified as number of comorbid medical conditions was obtained by asking the participants to report their personal medical and psychiatric history or illnesses that s/he was currently being treated for in addition to diabetes diagnosis. One researcher (an advanced practice registered nurse practitioner) asked the participant about conditions or illnesses using a body systems approach, e.g. pulmonary, cardiovascular, gastrointestinal, neurologic, musculoskeletal and psychiatric and provided probes to the participant under each of the body systems, e.g. asthma, hypertension, reflux, chronic headaches, arthritis.
Although having the ability to read was not required to participate in this study, all 124 participants were able to read and were assessed for health literacy. To assess the covariate of health literacy, participants were asked to independently read either the rapid estimate of adult literacy in medicine (REALM) or short assessment of health literacy for Spanish adults (SAHLSA-50) instrument. Participants who read English were assessed for health literacy with the REALM (Davis et al., 1993) . For participants who read Spanish only, the SAHLSA-50 (Lee et al., 2006) was used to assess health literacy. The SAHLSA-50 is administered and written in Spanish. Because the researcher was not fluent in Spanish, she returned within two weeks at a mutually agreed upon date and time with a certified Spanish translator to administer the SAHLSA-50.
The REALM (Davis et al., 1993 ) is a 66-item instrument used to estimate the literacy level of English-speaking adults. Scores range from 0 to 66 and are classified as third grade and below (0-18), fourth to sixth grade (19-44), seventh to eighth grade (45-60) and HS (61-66) reading level. Davis et al. (1993) reported that persons scoring 61 or greater will be able to read most patient education materials and will not be offended by low literacy materials. The REALM has been widely correlated with several other standardized reading tests including the wide range achievement test (WRAT) (r ¼ 0.88), Peabody individual achievement test (PIAT-R) (r ¼ 0.97) and the Slosson oral reading test revised (r ¼ 0.96) (Davis et al., 1993) .
The SAHLSA-50 is a 50-item instrument designed to test reading recognition and comprehension of common medical terms in Spanish-speaking adults (Lee et al., 2006) . Scores range from 0 to 50 with a cutoff point of 37 points or less indicating inadequate health literacy. The SAHLSA-50 has good internal reliability (Cronbach's α 0.92) and good test-retest reliability (Pearson's r ¼ 0.86) (Lee et al., 2006) .
For the current study, participants were dichotomized as having adequate health literacy or inadequate health literacy. Those with a REALM score of 61 or greater, i.e., having health literacy skills described as being able to read most patient education materials and not being offended by low literacy materials, or scoring 38 or higher on the SAHLSA-50 were categorized as having adequate health literacy.
Dependent variable: A1C. The hemoglobin A1C reflects the average blood glucose level during the preceding two to three months. The hemoglobin A1C value was extracted from a DOC's electronic database and for all but three participants A1Cs were performed less than three months from the date of the interview. The A1C performed on the date closest to the participant's date of survey completion was entered into the regression analysis. The ARCHITECT Clinical Chemistry Hemoglobin A1c assay (Abbott Diagnostics) was used to determine the quantitative in vitro measurement of the A1C values found in and extracted from the DOC electronic database. The assay was performed on an Abbott Architect C8000 chemistry analyzer. This method is certified by the NGSP (2010).
Institutional Review Board approval was obtained from the researchers' university and the DOC's Research Advisory Council. A National Institute of Health Certificate of Confidentiality was obtained to protect the privacy and confidentiality of the study participants. The researcher worked with the DOC administration, correctional officers and nursing staff to facilitate access into each facility, arrange transport of the participant to and from the researcher, and identify a private yet secure space to screen, consent and enroll participants.
After consent was obtained, participants met with the researcher for completion of researcheradministered surveys. Data were collected from two primary sources: one-on-one meetings with participants; and DOC electronic databases for retrieval of A1C. With the exception of the REALM and SAHLSA, the researcher verbally administered all instrument items in English. At the end of interview, participants received a certificate of participation.
Statistical methods
Data were analyzed using the SPSS 18.0 statistical package (SPSS, Armonk, New York).
Univariate statistics were used to describe the sample. All data were examined for accuracy of data entry, missing values, and fit between their distributions and the assumptions of multivariate analysis. The BIPQ, SCI-R and SKILLD instrument summary scores had Cronbach's α's of 0.60, 0.57 and 0.65, respectively. Because the Cronbach's α for all instruments did not reach the level for strong internal consistency and both the SCI-R and BIPQ summary scores were not related to A1C control, individual instrument item scores were examined in linear and multivariate regression models. For the BIPQ instrument, using the items as separate domains is the recommended method of analysis (Broadbent et al., 2006) . For the multivariate analysis, a hybrid backward and forward variable selection strategy that identified significant correlates of A1C and controlled for potential confounding by covariates was used to identify a parsimonious multivariable model. Application of a log transformation resolved the issue of heteroscedasticity in statistical analyses.
Results

Socio-demographics and clinical characteristics
Of the 125 persons who participated in this study, 124 were included in the analyses.
One participant responded "I don't know" to several of the SCI-R and BIPQ items and therefore was not included in the final analysis. The sample was predominantly male, black or non-Hispanic white (Table I) . Over half of the participants on screening had adequate health literacy, and the VOL. 12 NO. 3 2016 j INTERNATIONAL JOURNAL OF PRISONER HEALTH j PAGE 161 majority had a HS diploma or GED, 65 percent had a history of alcohol or substance abuse. On average, the participants were relatively young when diagnosed; the majority was using insulin and had diabetes for over five years. 66 percent (82) of participants had A1C levels ⩾ 8.0 percent and the mean A1C was 8.2 percent (SD 1.96) ( Table I) .
Instrument summary scores and item analysis
Table II provides instrument summary and item scores. The three SCBs performed with the least frequency included keeping food records, recording blood glucose results and carrying quickacting sugar to treat low blood glucose. Mean ratings on the BIPQ were lowest for participants' perceived personal control over diabetes, indicating a lower level of personal control; mean scores for the item related to a persons' concern for the diabetes were the highest indicating a high level of concern for their diabetes. Mean score for diabetes knowledge (total SKILLD scores 0-100 percent) was 67.66. SKILLD items related to knowing the frequency and duration for exercise (three to five times per week for a total of 30-45 minutes each), the normal fasting blood glucose range (70 or 80-120 mg/dl) and the A1C (⩽ 6.6 or 7 percent) were answered correctly by the fewest number of participants, 16.1, 29.0 and 46 percent, respectively.
Simple linear regression models
The SKILLD summary score, accounting for 5.8 percent of the variance in Log 10 A1C (LogA1C), was the only instrument summary score with a significant relationship (p ¼ 0.01) to LogA1C, that relationship was in the positive direction (Table III) . Because of this and in order to identify the best-fitting multivariate regression model, simple linear regression analyses as described under statistical methods section of this paper were performed using the instrument items rather than the scale summary scores. Significant results of the simple linear regression models with instrument items and covariates are displayed in Table III . Lower LogA1C was associated with only one SCB item on the SCI-R: eating the correct food portions (B ¼ −0. 
Multivariate models
In the next step, a best-fitting multiple regression model was developed based on significant independent variables from the bivariate analyses. These included SCI-R item: eat the correct food portions, BIPQ items: personal control, identity, timeline and coherence/understanding and SKILLD item: know the normal A1C value (Table III) . Through this process, two independent variables, BIPQ items personal control and coherence/understanding were retained in the resulting model (F (2, 121) ¼ 10.81, p ¼ 0.001, R 2 ¼ 15.2 percent) (Table IV) . Higher LogA1C was associated with lower personal control beliefs and higher self-report of diabetes understanding. This finding was consistent with what was found in the simple linear regression models performed with these two variables.
For the last step, all covariates were entered and removed from the independent variable model. After completing this process, using insulin was the only covariate to remain significant in the final multiple regression model. The final regression model predicting LogA1C included personal control, coherence/understanding and using insulin. The final regression model was statistically significant (F (3, 120) ¼ 9.51, p ¼ 0.001, R 2 ¼ 19.2 percent) ( Table V) . Higher LogA1C was associated with lower personal control beliefs (B ¼ −0.007, t (122) ¼ −2.42, p ¼ 0.2), higher selfreport of diabetes understanding (B ¼ 0.009, t (122) ¼ 3.12, p ¼ 0.00) and using insulin (B ¼ 0.062, t (122) ¼ 2.45, p ¼ 0.02). 
Discussion
The main findings of this study indicate that lower personal control beliefs, having greater perceived coherence/understanding about diabetes and using insulin were independent predictors of higher LogA1C. These findings as well as the insignificant findings, although obtained from research conducted in one state correctional system, provide insight into factors that may influence glycemic control and can be used as a comparator for diabetes-related care in other state, federal and international correctional settings.
A1C level
Recommended ADA A1C goals of ⩽ 7 percent were not met for the majority of participants in this study and most participants had A1C levels ⩾ 8.0 percent. The ADA (2015) acknowledges that an A1C of less than 8 percent rather than 7 percent may be acceptable for patients with a history of severe hypoglycemia or extensive comorbid conditions and patients with long-standing diabetes and difficulty achieving control. Similarly, the International Diabetes Federation Clinical Guidelines Task Force (2012) recommends A1C's higher than 7 percent may be indicated for persons with comorbid conditions or episodes of hypoglycemia associated with A1C less than 7 percent.
Whether a higher A1C is appropriate for the participants in this study is unknown as details about the history of blood glucose control and incidence of hypoglycemia were not obtained and information about number of comorbid conditions, although found to be not statistically significant, was self-report and as a result, presents limitations for interpretation. Further research should be conducted with a larger sample of patients with diabetes living in prison to examine relationships among A1C including varied targets for A1C levels, sociodemographic and clinical factors -e.g. pre-existing obesity or metabolic syndrome, history of blood glucose control and diabetes medication regimens including type and frequency of insulin.
Furthermore, to gain more knowledge about the appropriateness of varied A1C targets, e.g. 7 vs 8 percent among incarcerated persons, researchers should consider replicating studies that aimed to improve A1C and at the same time monitored for hypoglycemia. For example, Mills (2014) examined the effect of a nurse led diabetes clinic on episodes of hypoglycemia, hospital admissions and emergency department visits, adherence to diabetes specialist appointments and A1C among incarcerated persons in a UK prison. In addition to monitoring diabetes care and treatment in collaboration with the general practitioner and individualizing targets for A1C and blood glucose levels, she delivered targeted diabetes education about hypoglycemia to correctional health staff and prisoners. Unlike the participants in the current study, all participants (n ¼ 27) in Mill's study had access to a personal blood glucose meter. Mills (2014) reported a reduction in emergency department and hospital admissions, hypoglycemic events and improved A1C and adherence to specialist appointments for participants in her study. Mills did not examine the impact of having access to diabetes supplies and monitoring equipment on A1C or other outcomes such as self-care. The sample size was small so replication with a larger sample and enlisting multiple international study sites as comparators would enhance the rigor of the research and allow for generalization of findings.
The reason for higher mean LogA1C among participants in the current study is also unknown. In the UK, some prisoners, even those with access to a personal blood glucose meter, intentionally maintained high blood glucose levels due to fear of hypoglycemia (Mills, 2014; Robson, 2009) . Likewise, the participants in the current study could have been fearful of experiencing life threatening hypoglycemia while alone in a cell and therefore consciously chose to maintain higher glucose levels.
Insulin therapy
The majority of study participants were using insulin. Due to the progressive nature of diabetes, insulin treatment is often required to achieve control at some point in the illness trajectory (ADA, 2015) . Participants using insulin had higher mean LogA1Cs than those participants not using insulin. Participants in this study were asked about their insulin regimen but oftentimes did not know the specific name and dose of insulin. Perhaps if they were able to administer their insulin, they might have more knowledge about what was being injected and why. Within this system, nurses administer insulin to all patients. Approximately, two weeks prior to release from prison, discharge education is implemented and insulin injection skills are taught and assessed. Evaluating the effect of various insulin regimens on A1C and the effectiveness of current insulin administration practices on inmate reentry outcomes is needed. Although correctional systems in other countries are allowing patients to self-administer insulin unsupervised or under observation of a health professional, there is little research or other shared data available to help develop safe and patient friendly policies for SCB such as insulin administration. Self-reported data obtained from incarcerated patients or research participants about medications and insulin type and dosing needs to be validated with the medical record.
SCB
The SCI-R summary score was not significantly related to LogA1C. Not having a strong level of internal consistency, the lack of significance for this instrument was interpreted with caution, although some would argue that measures of SCB do not need to be internally consistent to be reliable. Unfortunately, we were not able to evaluate other forms of reliability with the participants of this study. Factors such as the structured highly controlled prison environment and strict rules may have played a role in the low internal consistency for the data associated with this measure of self-care.
One item pertaining to self-care on the SCI-R: eating the correct food portions, was associated with lower LogA1C in linear regression models but not in the final multiple regression models. In preliminary work with this population (Reagan, 2011) , participants reported using diet self-care strategies such as bartering unhealthy or high carbohydrate foods for fruit or cutting their portions in half to modify food intake. Perhaps, asking about these prison adapted self-care activities during research and clinical encounters would provide more meaningful data regarding this populations diabetes self-care strategies for diet. Additionally, patients in this state correctional system have access to a special diet for diabetes but are not obligated to receive it. Choosing to receive and follow the diabetes diet could be considered a self-care activity for this population and might be an appropriate item to include on an instrument measuring diabetes self-care in the prison setting.
For the most part, food selections are predetermined in the state correctional setting; but patients with diabetes can also select additional foods -some selections healthier than others. Personal control over food choices in the commissary or during mealtime by not taking the special diabetes diet is not the same worldwide.
For example, prisoners at Fukushima prison in Japan are required to follow a high fiber standardized diet (calorie and nutrient content) and are not permitted sweetened drinks, fast food, eating between meals or a night time snack (Hinata et al., 2007) . Findings from a retrospective review of 109 medical records of persons incarcerated at Fukushima who had T2D upon incarceration indicated that A1C improved after incarceration; the A1C reduction was found irrespective of type of diabetes medications used, age, daily caloric intake, duration of diabetes, diabetes complications and past medical history. Hinata et al. (2007) concluded that a standardized diet high in fiber (rice barley) with limits on non-nutritious, high calorie foods and sugary drinks and a regimented consistent prison lifestyle including routine, usually non-strenuous, work with limited opportunity for structured physical activity was important to achieving good diabetes care, inclusive of lowering A1C and fasting plasma glucose. Considering Hinata's findings and the results of the current study, pilot testing diets high in fiber, if not already in use, and developing interventions in collaboration with incarcerated persons with diabetes that target commissary behaviors and food selections of patients with diabetes, seems reasonable and possibly cost-effective.
Keeping a record of blood glucose values and food intake were two of the most infrequently performed SCBs. When asked the question about recording blood sugars, participants in this study often commented, "The nurse keeps track of my blood sugar results." At all sites participating in this study, the health clinic staff assumed maintenance of the participants' record of blood sugars. Instead of nurses assuming responsibility for documenting blood glucose readings, patients could be taught to keep a record of their blood glucose readings. When it is high, they should reflect on what they ate or drank in order to provide meaning to the blood glucose measurements and to allow for setting goals to decrease, increase or maintain blood glucose levels. Having inmates perform return demonstration when learning how to use a blood glucose meter or inject insulin does require nurses, CO and administrators to consider and plan for safety surrounding these demonstrations. This level of self-monitoring may not be appropriate for all patients. Nurses, COs and DOC administrators should develop criteria that outline which inmates could have access to blood glucose meters and be allowed to self-administer insulin either independently or under the observation of nurses. Enhancing problem solving, personal control and self-care skills related to blood glucose monitoring and insulin injecting would be of value to patients in prison and upon release into the community.
Until recently, access to blood glucose meters was not allowed in most US state and federal correctional settings. However, preliminary findings from a quality improvement project in a US state prison support that having keep on person (KOP) blood glucose meters for selected inmates enhanced self-care and improved health outcomes (Ball, 2011) . And in 2015, researchers examined the effect of KOP blood glucose meters on A1C among insulin dependent persons with diabetes living in a US federal prison (Hunter Buskey et al., 2015) . Although they found no significant effects on A1C among inmates using prison issued blood glucose meters (n ¼ 61), they stated that there were no safety issues associated with implementation of this practice.
Similar favorable experiences with the use KOP blood glucose meters have been reported in UK prisons (Mills, 2014) and with KOP insulin injecting equipment in French prisons (Bayle et al., 2011) . These reported federal and international experiences are important to provide some justification to other US and international correctional systems that there are opportunities to safely enhance patient self-care and autonomy related to diabetes.
Sharing of clinical policies and procedures for the use of KOP blood glucose meters and insulin injecting equipment among national and international colleagues would facilitate the development of best practice for these and other self-care activities in this setting.
IR
In this study, the BIPQ item representing participants personal control beliefs had an inverse relationship with LogA1C levels; the higher the personal control beliefs, the better the LogA1C. These findings are consistent with what is reported in the CSMI literature (Broadbent et al., 2006 (Broadbent et al., , 2011 Schuez et al., 2012) and in two prior meta-analyses with non-incarcerated populations (Hagger and Orbell, 2003; McSharry et al., 2011) .
Incarceration places significant constraints on individual liberties and places participants in a dependent role thereby constraining personal control. Oftentimes cited in the mental health and offender literature, incarcerated persons have numerous cognitive vulnerabilities, maladaptive coping (Bonner and Rich, 1992; Haney, 2006; Shelton, 2009 Shelton, , 2010a and poor problem solving skills (Eidhin et al., 2002; Ivanoff et al., 1992) . These characteristics and conditions can affect the ability to effectively self-manage (Shelton, 2011) .
Higher self-report of diabetes understanding (BIPQ coherence/understanding) was associated with higher LogA1C. This finding is atypical of what is most often reported in the literature. Research has shown illness coherence/understanding to have no relationship (McSharry et al., 2011; Hart and Grindel, 2010) to A1C. However, in this study, participants who believed that they understood their diabetes had higher LogA1C levels. Incarcerated participants might have overestimated their understanding of diabetes. Overestimating their skills can occur among incarcerated persons who have multiple cognitive vulnerabilities (Sedikides et al., 2014) . Highly structured environments with limited options for self-care, personal choices and readily available health care may give some patients no motivation to improve diabetes control even if they have an understanding of what to do (Shelton, 2010a) .
As has been suggested in the literature (Broadbent et al., 2006) , the BIPQ could be administered to assess the inmates personal control beliefs, beliefs about etiology and chronicity and other domains of IR related to diabetes. This BIPQ questionnaire was easy to administer, took approximately eight to ten minutes to complete and was understood by participants. Nurses and interprofessional care providers could use this information to collaborate and develop a plan of care for the inmate with diabetes.
Diabetes knowledge
The SKILLD instrument, designed and tested in a community-based low literacy population (Rothman et al., 2005) , had the highest internal consistency of all the study instruments and perhaps was the best suited of the three instruments for use with this population. Higher SKILLD summary scores, a proxy for diabetes knowledge, were associated with lower LogA1C values in linear regression analysis but were not significant in the final multivariate regression model. In contrast, diabetes knowledge measured with the SKILLD (Rothman et al., 2005) and other instruments (Berikai et al., 2007; Fenwick et al., 2013; Hartz et al., 2006) have typically been associated with better glycemic control or lower A1C in community dwelling populations.
The current study did not examine the relationship between perceived understanding of diabetes (BIPQ coherence/understanding) and the objective measure of diabetes knowledge (SKILLD summary score). However, given the findings of higher A1Cs associated with both perceived understanding (BIPQ coherence/understanding) and objective diabetes knowledge (SKILLD summary score), further examination of these constructs is needed. It will be important to determine if incarcerated persons who believe that they understand their illness have actual knowledge about diabetes and also have higher A1Cs. Conducting qualitative or mixed methods research to explore the influence of confounding factors such as cultural beliefs and barriers, e.g. food selection, time out of cell for exercise would help to enhance our understanding of these relationships and any atypical findings.
Limitations
The cross-sectional design of this study limits the ability to infer causality. Randomized controlled trials and mixed methods researches are needed to evaluate and rule out alternative explanations for our results (Reagan and Shelton, 2016) . Other variables known to affect A1C and not addressed in this study such as the frequency, duration and type exercise performed by incarcerated patients, provider knowledge and prescribing practices, availability of newer vs older diabetes medication -possibly a greater issue in prison, use of other medications, e.g. antipsychotics, and sleep disturbances need to be examined in future research.
Additionally, incarcerated females, typically underrepresented in national and international prison populations and thought to be especially vulnerable to the effects of incarceration were underrepresented in this study. Worldwide, the female incarcerated population although not as large as the male prison population has grown (Glaze and Parks, 2011; Gainsborough, 2007) . Employing creative sampling strategies such as collaborating across state and international boundaries or oversampling to allow for more equal representation of female inmates in research may be one way to decrease sampling bias (Reagan and Shelton, 2016) .
Moreover, monolingual Spanish-speaking Latino incarcerated persons with diabetes were not included in this study. It is critical to have adequate representation of Latino persons for any diabetes-related research because they have a high prevalence of diabetes (ADA, 2014).
All measures but the A1C were self-reported. Self-reported data by incarcerated persons might be influenced by prison culture. Incarcerated persons are cautious of the predatory nature of social and interpersonal relationships within the prison and may become suspicious of others (McCorkle, 1992) . These types of social behaviors have been discussed in the literature under the term of prisonization or the psychological effects of incarceration (Haney, 2006; Schnittker, 2014) .
Conclusions
Research is needed to determine if having increased personal control beliefs consistently improves A1C and if interventions aimed at strengthening personal control beliefs improves A1C for this population. Clinical policies more in line with international or US federal correctional settings that allow patients increased opportunity to engage in self-care activities such as monitoring blood glucose and administering insulin independently or with lower levels of supervision should be developed in collaboration with patients, health and custody staff (Reagan and Shelton, 2016) .
